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AMENDMENTS TO THE CLAIMS 
The following list of claims will replace all prior versions and lists of claims in the 
application. 
Listing of Claims: 



fa') providing a composition comprisin g molooulcs comprising an actmid e 

oloment, whoroin at least soms of tho molecules inoluda a first isotope_and _ of the actinide 
olcmont and at loaot aomo of tho moleoulos inoludo a second isotope of the actinide 
element: and 

Vo) exposing tho molooulos comprising the actinido olomont contacting the 
composition with microorganisms that have t e-reducing activity of Jie.actinide element 
rnriiiniTig Tniornorpanism s. wherein the microorganisms preferentiallv reduce the second 
isotope of the actinide element and thereby allowing formation of a precipitat e 
c omprising tho nctinid" nlnmnnt whnrnin tho propipitat e sec ond composition com prising 
reduced actinide element containing^ a higher proportion of the second isotope relative to 
the first isotope than was present in the original composition, thereby offecting enriching 
the second isotope of the actinide element, a s e paration of tho first and second isotopes; - 

offocting an inoroaaod noporation of the first and oooond iootopoo prooont in tho 

procipitato u s ing any ouitablo process. - 

2. (Currently amended) The method of claim 1 , wherei n the e xposing step comprise s : - 

combining the composition and tho microorgani s ms in a vos s ol togothor \\ith is 

provided in a culture medium. , thoroby producing a oulturo; and 

- maintaining the culture for a time sufficient to allows formation of a precipitat e . 

3 . (Currently amended) The method of claim 1 , wherein the second com position is 




(Currently amended) A method fo r - soparating enriching anfe otop^ of an actinide 
element comprising steps of: 
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separating the precipitate from \i 

(Currently amended) The method of claim 3, wherein the method farther comprises a 
step of separating compriseB cnllectin g the second composition p rooipitat e. 

(Currently amended) The method of claim 3, wherein the method farther comprises a *e 
microorganisms. 

(Currently amended) The method of claim 5, wherein the method farther comprisesifig 
the ELStep o f removing from te eafeg-the microorganism s to remove molooulos the 
aHsnrhed composition containin g adsorbed, unreduced actinide element atoms thorofrom. 

(Currently amended) The method of claim 1, wherei n tho oxpooing step £blis performed 
for a time period between n.n.'i and 100 hour s solootcd to aolilovo optimum iaotope 



(Canceled) 

(Currently amended) The method of claim 24-, wherein the oxpooing step {blis 
performed for a time period between 0.1 and 50 hours : .u l c i Ltc d to aohio\T roduL-t i on n f 
loss than ^0% of the actinide oloment . 



(Currently amended) The method of claim li-, wherei n tho exposing step £bXis 
performed for a time period between 0 .1 and 20 hourssdcctod to achiovo reduction of 



1 1 . (Currently amended) The method of claim li-, wherein4J 
performed for a time period between 0.1 and 10 hourss 
less than ^0% of tho notinido oloment . 



rStep (b) is 
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1 2 . (Currently amended) The method of claim 7-t, wherei n th o e xposing step £blis 

performed for a time period between 0.1 and 5 hour sa olootod to achiovo reduction of losa 
than 20% of tho actinido olomont . 

13-21. (Canceled) 

22. (Currently amended) The method of claim 1 , whRrsin the method further comprisesifig 

a,step of: 

determining the isotope content of the second comt^ositionprooipitat e. 

23 . (Currently amended) The method of claim 1 , wherein the method offocting stop f urther 
compri ses steps of : 

(c) converting re-oxidizing t he reduced-actinide element present in the second 
composition into a form suitable for rop o tition of the cxporing otcp ; and 

(d) repcating^stgpsiaUndibl fec cxpo u in g st ep using the re-oxidized convortod 
actinide element as a starting material, th^r^hy fiirther enriching the second isotope of the . 
actinide elemento rfco t i nft an incroaood aoparation of tho faat and accondiaotopes . 

24-36. (Canceled) 

3 7 . (Original) The method of claim 1 , wherein the steps are performed in batch mode. 

38. (Original) The method of claim 1, wherein the steps are performed in continuous mode. 

39. (Canceled) 

40. (Currently amended) The method of claim 1 , wherein the microorganisms are proGont in 
a medium that i s separated fi-om tho compopition by a semi-permeable membranc^wiftg 
tbe_expesing-step, whieh -wherein the semi-permeable membrane allows diffosion of the 
com position co m pri.sing the First and second is otope of the actinide element eeataining 
moloculos but does not permit passage of the microorganisms. 
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4 1 . (Currently amended) The method of claim 40, wherem the^-peskig-stepibl comprises 
allowing the composition to flow continuously past the semi-permeable membrane, 
thereby allowing diffusion of the aotinido oIcHnont containing molooulos so as to expos e 
thoTT tn ihr. rpHnning activity of contactiiig the microorganisms. 

42. (Canceled) 

43 . (Currently amended) The method of claim 404i, wherein the microorganisms are present 
in a medium and wherein t he composition and the medium containing tho 

microorganisms flow in opposite directions. 

44 . (Currently amended) The method of claim 1 , further comprising4he^ step of: 

immobilizing the microorganisms prior to performin g tho ojcpo a in g stepib}- 

45 . (Original) The method of claim 44, wherein the step of immobilizing the 
microorganisms comprises: 

fixing the microorganisms to a solid support. 

46. (Original) The method of claim 44, wherein the microorganisms are contained within a 
semi-permeable membrane or membranes. 

47 . (Currently amended) The method of claim 44, wherei n tho exposing step £b}.comprises 
allowing the composition to traverse the immobilized microorganisms. 

48 . (Original) The method of claim 1 , wherein the actinide element is uranium. 

49. (Currently amended) The method of claim 48, wherein th e prcoipitatoj gcond 
composition comprises uraninite. 

50. (Original) The method of claim 48, wherein the microorganisms reduce uranium Itom 
the U(VT) state to the U(IV) state. 
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(Original) The method of claim 48, wherein the first isotope is heavier than the second 



52. (Original) The method of claim 48, wherein the first uranimn isotope is U-238. 

53 . (Original) The method of claim 48, wherein the second uranium isotope is U-235. 

54. (Original) The method of claim 48, wherein the first uranium isotope is U-238 and the 
second uranium isotope is U-235. 

5 5 . (Original) The method of claim 1 , wherein the method achieves a separation factor of at 
least 1 .02. 

56. (Original) The method of claim 1 , wherein the method achieves a separation factor of at 
least 1.06. 

57, (Original) The method of claim 1, wherein the method achieves a separation factor of at 
least 1.10. 

5 8 (Withdrawn) The method of claim 1 , wherein the actinide element is plutonium . 

59. (Withdrawn) The method of claim 1, wherein the actinide element is neptunium, 

60. (Original) The method of claim 1 , wherein the composition comprises an electron donor 
(eh. (Currently amended) The method of claim 1 , wherem the-meleeHtes^mposiMon 



comprisesHig the actinide clomont arc pro^idod together wth a . counter ions, wherein th( 
counter ions-is are.not-aH-electron accepting species thatg^et§>vith the actinide 
element for reduction by the microorganisms. 

62, (Withdrawn) The method of claim 61, wherein the counter ion can serve as a substrate 
for metabolism by the microorganisms under anaerobic conditions. 



isotope. 
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63 . (Currently amended) The method of claim 6 1 , wherein the counter ions4s: are.selected 
from the group consisting of: lactate, acetate, and chloride. 

64. (Original) The method of claim 1 , wherein the microorganisms are metal or sulfate 
reducing bacteria. 

65 . (Original) The method of claim 1 , wherein the microorganisms are facultative aerobes. 

66. (Withdrawn) The method of claim 1 , wherein the microorganisms are anaerobes. 

67. (Original) The method of claim 1 , wherein the microorganisms are members of a 
bacterial genus selected from the group consisting of: Clostridium, Shewanella, 

Geobacter, Pyrohaculum, Desulfatomaculum, and Desulfovibrio. 

68. (Original) The method of claim 67, wherein the microorganisms are members of 
bacterial genus Shewanella. 

69. (Original) The method of claim 67, wherein the microorganisms are members of 
bacterial strain Shewanella oneidensis. 

70. (Withdrawn) The method of claim 67, wherein the microorganisms are selected from the 
group consisting of Clostridium sp., Deinococcus radiodurans Rl, Geobacter chapelleii, 
Geobacter hydrogenophilus H2, Geobacter hydrogenophilus H2, Geobacter H4, 
Geobacter TACP-2, Geobacter TACP-3, Pyrobaculum islandicum, Shewanella alga, 
Shewanella saccharophila, Desulfotomaculum reducens Ml-l , Desulfovibrio 
desulfuricans, and Desulfovibrio vulgaris. 

1 1 . (Currently amended) The method of claim 1 , wherein the microorganisms are present at 
a concentration of between approximately lO' and lO' per milliliter during the oxpoomg 

step. 

72. (Original) The method of claim 1, wherein the microorganisms overexpress a gene 
encoding a protein that reduces the actinide element. 
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73 . (Original) The method of claim 72, wherein the gene encodes a cytochrome c protein. 

74. (Original) The method of claim 73 , wherein the cytochrome c is a cytochrome c3 . 

7 5 . (Original) The method of claim 1 , wherein the microorganisms overexpress a gene 

encoding a protein involved in a pathway leading to reduction of the actinide element. 

76. (Original) The method of claim 1 , wherein the microorganisms express an altered 
cytochrome c protein, which altered cytochrome c protein displays an increased ability to 
reduce the actinide element relative to a wild type version of the protein. 

77. (Canceled) 

78. (Currently amended) The method of claim 1 , wherein t he exposin g stepibltakes place in 
a medium substantially free of counter ions capable of forming insoluble salts with 
unreduced moloculas of the actinide element. 

79-81. (Canceled) 

82. (Currently amended) The method of claim 78, wherein the mediu m lacks significant 
ammmt s is substantially free o f phosphate. 

83. (Original) The method of claim 1 , wherein the exposing step (b) is performed in the 
presence of an organic polymer. 

84 . (Currently amended) The method of claim 1 , wherein the method further comprisesing 
the a step of: 

culturing the microorganisms under aerobic conditions prior to the maintaining 
step (b) and performing the maintaining step (b) under anaerobic conditions. 

85-88. (Canceled) 
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(Currently amended) The method of claim 186. wherein the microorganisms are 
thermophilic bacteria, and wherein the oxpooing stepjVLis performed at a temperature 

above 50°C. 

(Currently amended) The method of claim 1M>, wherein the second composition is 

e xtracting some or all of the roduccd molecules from tho composition . 

(Currently amended) The method of claim 90, wherein the method f urther comprisesiftg 
fee a.step of: 

feextracting the second composition comprising the reduced actinide element 
eentaining moloculco into aa separate aqueous phas e and oithor rooxidizing thorn or 

(Currently amended) The method of claim 919©, wherein the method further comprises 
the-extFaetifig-a step ofeeflfipHses: 

fonning an extractable organic complex comprising reduced actinid e molooules 
element using an organic Ugandi-aftd 

ito an organic phaso or onto a iiolid support 



93 . (Original) The method of claim 92, wherein the organic ligand comprises 
thenoyltrifluoroacetone . 

94-100. (Canceled) 

©(Cun-ently amended) A method for separafet genriching an isotopes of an actinide element 
comprising steps of: 

(aXproviding a composition comprising molecules comprising an actinide 
olomont. whoroin at loaat uomo of tho moloc-ulop includo a first isotope of the actinid e 
olcmc n t an d at Icact c o me o f th e m olec u les i nclude and^a second isotope of the actinide 
element: and 
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(blincubating the composition meleettles- comprising the aG tifti4e-ek'mefi^with an 
actinide reducing enzyme obtained from ^actinidc c l em e nt r c d ae^ftg microorganism that 
has reducing activity of the actinide element , thereby allowing formation of a procipitato 
oompriping the actinido olcmont, wherein the precipitate contain s forming a second 
composition comprising the reduced actinide element containing a higher proportion of 
the second isotope relative to the first isotope than was present in the original 
composition, thereby enriching the second isotope of the actinide element , effecting a 
separation of the First and second iaotopoo; and 

cffooting an inoroased separation of the first and sooond isotopoo present in th e 

procipitato using any suitable proooos. 

1 02 , (Currently amended) The method of claim 101, wherein the s econd composition is 
s epar a ting the procipitato from unprooipitatod moloculos containing the actimde 

103. (Currently amended) The method of claim 102, wherein the method further comprises a 
the-step of separating-GempFises-collecting the second co mnosition using an organic 
polymer, p rcoipitato. 

104-120. (Canceled) 

121. (Original) The method of claim 101, wherein the steps are performed in batch mode. 

122. (Original) The method of claim 101, wherein the steps are performed in continuous 
mode. 

1 23 . (Original) The method of claim 101, wherein the enzyme is at least partially purified. 

1 24. (Original) The method of claim 101, wherein an electron donor is present during the 
incubating step. 
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] 25 , (Original) The method of claim 1 0 1 , wherein the actinide reducing enzyme is a 
cytochrome c enzyme. 

126. (Original) The method of claim 125, wherein the cytochrome c is a cytochrome c3. 

127. (Original) The method of claim 125, wherein the cytochrome c is at least partially 
purified. 

128. (Currently amended) The method of claim 101 , wherein a.hydrogenase obtained from aa 
aetinida olomont reducing the.microorganism is present during the incubating step. 

] 29. (Original) The method of claim 128, wherein the hydrogenase is at least partially 

purified. 

130. (Original) The method of claim 128, wherein an electron donor in addition to 
hydrogenase is present during the incubating step. 

131. (Canceled) 

132. (Currently amended) The method of claim 101, wherein a material providing a 
nucleation site to precipitate the second c o mpositioti f or uraninito formation is provided 

during the incubating step. 

133. (Original) The method of claim 101, wherein the incubating step is performed in a fixed 
enzyme reactor. 

134-154. (Canceled) 

155. (New) The method of claim 101, wherein the actinide element is uranium. 

1 56. (New) The method of claim 155, wherein the second composition comprises uraninitc. 

1 57. (New) The method of claim 1 55, wherein the enzyme reduces uranium firom the U(VI) 
state to the U(IV) state. 
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158. (New) The method of claim 1 55, wherein the first isotope is heavier than the second 
isotope. 

1 59. (New) The method of claim 1 55, wherein the first uranium isotope is U-238. 

160. (New) The method of claim 155, wherein the second uranium isotope is U-235. 

161 . (New) The method of claim 155, wherein the first uranium isotope is U-238 and the 
second uranium isotope is U-235. 

1 62. (New) The method of claim 1 , wherein the actinide element is uranium and the 
microorganisms are members of bacterial genus Shewanella. 

163. (New) The method of claim 162, wherein the actinide clement is uranium and the 
microorganisms are members of bacterial strain Shewanella oneidensis. 

164. (New) The method of claim 162, wherein the first uranium isotope is U-238 and the 
second uranium isotope is U-235. 



U.S.S.N. 10/802,637 
4318680v2 



Page 12 of 16 



0492611-0546 (Mtr 9986) 



REMARKS 

Claims 1-154 were pending in this application, Claims 8, 13-21, 24-36, 39, 42, 77, 79- 
81, 85-88, 94-100, 104-120 and 134-154 are now cancelled without prejudice to Applicants' 
right to prosecute their subject matter in the present application and in related applications. 
Claims 62, 66 and 70 are withdrawn. Claims 1-7, 9-12, 22, 23, 37, 38, 40, 41, 43, 44, 47, 49, 61, 
71, 78, 82-84, 89-92, 101-103, 132, 133 have been amended without any intent of disclaiming 
equivalents thereof. New claims 155-164 are added. Accordingly, upon entry of this paper, 
claims 1-7, 9-12, 22, 23, 37, 38, 40, 41, 43-57, 60, 61, 63-65, 67-69, 71-76, 78, 82-84, 89-93 and 
101-103, 121-133, and 155-164 are pending and presented for consideration. 

Claim amendments 



Support for the claim amendments can be found in the specification and claims as 
originally filed. Exemplary support are provided as follows. 



Claims 


Exemplary Support 


1 


Paragraphs 0017 and 0018 


2 


Paragraph 0009 


3 


Paragraph 0017 


4 


Paragraph 0009; original claim 4 


5 


Original claim 5 


6 


Paragraph 0058 


7, 9, 10, 11, 12 


Paragraph 0039 


22 


Paragraph 0054; original claim 106 


23 


Paragraph 0047 


40 


Paragraph 0035 


41 


Paragraph 0035 
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43 


For clarification j 


47 


For clarification 




49 


For clarification 




61 


For clarification 




63 


For clarification 


7] 


For clarification 


78 


For clarification 


82 


Paragraph 0024 




84 


For clarification 


89 


For clarification 


90 


Paragraph 0017 


91 


Paragraph 0044 




92 


Paragraph 0045 


101 


Paragraphs 0055-0058 


102 


Paragraph 0017 


103 


Paragraph 0043; original claim 83 


128 


For clarification 


132 


For clarification 




155 


Paragraph 0008 


156 


Paragraph 0017 




157 


Paragraph 0022 


158 


Original claim 5 1 ; abstract 
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Original claim 52 


160 


Onginal claim 53 


161 


Original claim 54 


162 


Paragraphs 0023 and 0038; original claim 68 


163 


Original claim 69 


164 


Original claim 54 



Applicants respectfully submit that the amendments to the clauns introduce no new 

matter. 



Claim rejections under 35 U.S.C. SI 12. first yarasraph 

Claims 1-23, 37-57, 60, 61, 63-65, 67-69, 71-84, 86-96, 101-107, 121-133, 136-143 and 
146-153 stand rejected under 35 U.S.C. §112, as allegedly failing to comply with the enablement 
requirement. Specifically, the Office Action alleges that the molecular structure of "molecules" 
recited in the claims has not been fully disclosed and enabled, See, the Office Action, page 5. In 
addition, the Office Action alleges that the specification does not support the terms "exposing," 
"formation of a precipitate," "thereby effecting a separation of the first and second isotopes" and 
"removing the reduced actinide element" recited in the claims. See, the Office Action, page 5. 

Without acquiescing to the rejection, and solely to advance prosecution, Applicants have 
amended the claims to delete the terms "molecules " "exposing," "formation of a precipitate," 
"thereby effecting a separation of the first and second isotopes" and "removing the reduced 
actinide element." Therefore, Applicants submit that the claims as amended fully comply with 
the enablement requirement and respectfully request the rejection under 35 U.S.C. §1 12, first 
paragraph, be reconsidered and withdrawn. 
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Claim rejections under 35 U.S.C. ^112. second parasravh 

Claims 1-23,37-57, 60,61,63-65,67-69,71-84,86-96, 101-107, 12M33, 136-143 and 
146-153, stand rejected under 35 U.S.C. §112, second paragraph, as being allegedly indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

Without acquiescing to the rejection, and solely to advance prosecution. Applicants have 
amended the claims to delete the objected-to terms including "molecules," "exposing," "reducing 
microorganisms," "formation of a precipitate," "effecting a separation," "using any suitable 
process," "performed for a time selected for a time to achieve reduction of less than . . . of the 
actinide element," and "removing the reduced element." Therefore, Applicants subniit that the 
claims as amended are clear and unambiguous and respectfully request the rejection under 35 
U.S.C. §112, second paragraph, be reconsidered and withdrawn. 

CONCLUSION 

In view of the amendments and the arguments above, Applicants believe that all 
rejections have been overcome. The Examiner is invited to telephone the undersigned attorney 
to discuss any remaining issues. Early and favorable actions are respectfully solicited. 

Date: May 27, 2008 Respectfully submitted, 

/Faneli Chen/ 

Fangli Chen, Ph.D. 
Registration Number: 51,551 

Choate, Hall & Stewart LLP 
Two International Place 
Boston, MA 02110 
t(617) 248-4715 
f (617) 502-5002 
fchen@choate.com 
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